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Land-use changes threaten biodiversity and ecosystem services. Some of the last remaining forest frag-27 ments in Ethiopia, and the world's only habitats that retain genetically diverse wild Arabica coffee pop-28 ulations, have experienced rapid recent conversion to coffee farms, plantations and agricultural fields. We 29 examined patterns of remnant woody plant diversity in the remaining forests, and assessed the potential 30 and limitations of coffee agroforests to maintain this diversity. We explored patterns of woody biodiver-31 sity, structure, and regeneration in forest fragments and on adjacent smallholder and large-scale state-32 owned shade-coffee farms. A total of 155 native woody species including rare/threatened species of 33 Baphia, Cordia, Manilkara, and Prunus were recorded. Of these species, 56 (36.2%) and 18 (12%) were 34 restricted to forest fragments and coffee farms respectively. Smallholder and large-scale coffee farms 35 maintained 59% and 26% of the 155 recorded native woody species compared to the 137 species (88%) 36 found in forest fragments. Native woody species regeneration in state-owned plantations was lower than 37 in smallholder farms, which in turn was lower than forest fragments. Coffee farms could support a con- As tropical deforestation and fragmentation continue, produc-46 tion landscapes will necessarily play important roles in biodiver-47 sity conservation (Bhagwat et al., 2008; Gardner et al., 2009) . 48 More than 90% of tropical biodiversity is found in human-modified 49 landscapes, outside protected areas (Chazdon et al., 2009) . In par-50 ticular, agricultural landscapes such as shade coffee agroforestry 51 systems (Moguel and Toledo, 1999; Mendez et al., 2007; Gole 52 et al., 2008; Aerts et al., 2011; Hundera et al., 2013a) , and home 53 gardens and plantations Nemomissa, 2008, 2009) 54 can serve as biodiversity refugia. However, the amount and com-55 position of biodiversity retained in agroecosystems depends 56 strongly on type of agriculture, and management practices (Harvey 57 et al., 2008) . A review by Bhagwat et al. (2008) compared agrofor-58 estry systems with nearby forests and showed that the conserva-59 tion potential of different agroforests varied widely with the taxa 60 in question. Scales and Marsden (2008) (Perfecto et al., 1996 (Gole, 2003; Aerts et al., 2013 mid-adult (20-50 cm) trees were higher in forests than in small-296 holder and state-owned plantations (Fig. 4) . However, state-owned Fig. 3 . Individual-based rarefaction curves for the three land-use types. of shade-coffee systems (Harvey et al., 2008) . agricultural land. In addition to our findings for woody species, 365 found many species of epiphytes and orchids 366 Nemomissa, 2008, 2009; Hylander et al., 2013) , and bird species 367 (Gove et al., 2008) are maintained in semi-forest coffee systems. 368 However, other researchers (Schmitt et al., 2010b; Hundera et al., 369 2013a) found that lianas, herbs, shrubs and orchids were not well 370 conserved in coffee farms. 371 Our results show that forest fragments provide important biodi-372 versity not maintained on coffee farms and that they are indispens- of tree species (Senbeta and Denich, 2006; Hylander et al., 2013). 406 Coffee plantations will thus reduce pressure on these wild coffee 407 forests. shade tree density in coffee farms (Senbeta and Denich, 2006;  423 Aerts et al., 2011; Hundera et al., 2013b; Hylander et al., 2013) sim-424 ilar to diverse polyculture shade coffee farms in central America 425 (Lopez-Gomez et al., 2007; Mendez et al., 2007 fuelwood and construction (see Cerdan et al., 2012; Tadesse, 440 2013). Our findings show that smallholder semi-forest coffee are 441 species diverse as a result of keeping these species for diverse pur-442 poses, due to minimum management and input by coffee growers 443 (Hundera et al., 2013b) . Although such production systems have 444 lower productivity with only about 30% of coffee yield per hectare 445 from intensive coffee systems (Wiersum et al., 2005) , they can pro- agricultural production (Power, 2010; Balmford et al., 2012) .
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In addition to planned biodiversity for shade coffee, associated 454 biodiversity such as ferns (Yeshitila, 2008) , epiphytes (Hylander 455 and Nemomissa, 2008), and birds (Gove et al., 2008) (Mendez et al., 2010) . 460 Generally, woody species richness in state-owned plantations 461 and smallholder farms in this study is comparable to traditional 462 polyculture and rustic coffee systems of Latin America, respectively 463 (Moguel and Toledo, 1999; Philpott et al., 2008) . Tree density in 464 our study coffee systems is also comparable to or higher than the 465 density of some rustic and traditional agroforestry systems in Latin 466 America (Philpott et al., 2008) . Canopy closures of the large-scale 467 and smallholder farms in our study were equivalent to respective 468 traditional polyculture and rustic coffee landscapes in Latin Amer-469 ica (Moguel and Toledo, 1999) and to semi-forest coffee farms in 470 areas adjacent to our study region (Hundera et al., 2013b (Tadesse, 2013) . Given current land-use trends, forest 476 fragments will continue to decline and smallholder coffee farms 477 will have an increasingly significant role as biodiversity reposito-478 ries and ecosystem service sources. Hylander et al. (2008) de-479 scribed that deforestation risks will be higher in forests without shade tree density and diversity threaten biodiversity on-farm 533 and in natural forest, as has been reported in several other coffee 534 growing regions (Perfecto et al., 1996; Harvey et al., 2008; 535 Tscharntke et al., 2011; Aerts et al., 2011; Hundera et al., 2013b) . 536 The emerging practices of intensive cereal and spice production 537 following recent market incentives will also threaten the tradi- 
